Introduction
The development of tools for the analysis and modification of bacterial chromosomal genes and their expression signals has resulted in a large number of integration vectors and strategies. The essential parts of the most versatile and frequently employed vectors are usually derived from transposable elements, plasmids or combinations thereof. The integration event either relies on rec-independent transposition or on rec-dependent homologous recombination. Transposition has been a valuable tool for bacteria like Escherichia coli and Bacillus subtilis [1, 31] . However, transposable elements often have a limited host range or may have one or more transposition hot spots. In Lactococcus lactis, a Gram-positive mesophilic lactic acid bacterium and subject of our studies, this problem has also been encountered. Heterologous conjugative transposons like Tn916 and Tn919 have been used to some extent in L. lactis, but their use has been restricted either because transposition was site-specific or high-efficiency conjugal transfer systems were required [5, 22] . Derivatives of the Enterococcus faecalis transposon Tn917 were successfully used in L. lactis to obtain random transposition using pLTV1 or pTV32, both of which contain a temperature-sensitive replicon of pE194 [31] . In e.g., B. subtilis, the temperature-sensitive property of this type of plasmid was used to establish a culture of cells containing the replicative form of the plasmid at 37 °C and to cure the cells of the plasmid at 42 °C, thereby selecting for transposition events. Since the maximum growth temperature for L. lactis is about 37.5 °C, a similar temperature upshift can not be used in this organism. Nevertheless, efficient transposition was obtained and cells were cured for plasmids at 30 °C by shifting a culture from medium with one antibiotic, chloramphenicol, to medium containing another antibiotic, erythromycin. The molecular basis for this phenomenon has yet to be resolved. Nevertheless, the process was efficient enough to establish a collection of environmentally regulated chromosomal promoters [7, 8] .
Lactococcal transposable elements that have been used succesfully in the analysis of the L. lactis chromosome belong to the ISS1 family of insertion sequences [19, 21, 23, 25] . Replicative transposition of an ISS1 element present on a plasmid results in the integration of the entire plasmid in the chromosome, flanked by two copies of the IS element. This system has been used in combination with an E. coli replicon for insertional mutagenesis purposes [3, 24] and for the construction of physical and genetic maps of lactococcal chromosomes [11, 12] . A more versatile ISS1 vector, pGh:ISS1, has recently been Abstract. A conditionally replicating lactococcal vector system is described, based on pWV01, that is used for chromosomal integration in Lactococcus lactis. The system consists of plasmids that are all based on the broad-host-range lactococcal replicon pWV01 which has been deprived of its gene encoding the replication initiation protein RepA. These so-called pORI plasmids can only replicate if RepA is provided in trans. Special Escherichia coli, Bacillus subtilis and L. lactis helper strains, producing RepA in trans (RepA + ), are used as intermediate hosts for the construction of pORI integration plasmids. The presence of a lactococcal chromosomal DNA fragment in a pORI plasmid enables its chromosomal integration by homologous recombination in an L. lactis strain that does not produce RepA Key words: Conditional replication, Gene replacement, Integration, Mutagenesis, Transcriptional fusions (RepA -). A set of special purpose pORI vectors are available: (i) pORI280, designed to mutate or delete genes or to insert new genes in the chromosome in such a way that no heterologous DNA or antibiotic resistance markers are left in the recombinant strain, here designated as silent gene replacement; (ii) pORI19, suitable for random mutagenesis of the chromosome, and (iii) pORI13, constructed to make random single copy transcriptional fusions in the chromosome to search for (environmentally regulated) promoters. Some of these vectors have also been succesfully applied for integration in E. coli and B. subtilis. We strongly believe that the systems described here can be used in various other bacterial species.
constructed by making use of a thermosensitive derivative of the lactococcal vector pWV01. This vector replicates in the target organism at 28 °C but is lost at 37.5 °C. The use of a thermosensitive replicon uncouples transformation and transposition events which results in an important improvement of transposition frequencies. High-frequency random transposition (> 0.5%), allowing for efficient random gene inactivation, has been demonstrated with pGh:ISS1 in L. lactis, Streptococcus thermophilus and E. faecalis [19] . The wide host range of pWV01-based replicons, which replicate both in Gramnegative and Gram-positive bacteria [9] , offers the possibility to use this tool in a great variety of bacteria. Its successful application will depend on the thermosensitivity of the pWV01 replicon and the transposition activity of the ISS1 element in the target organism.
The rec-dependent plasmid integration strategies rely on the presence in the vector of one or more DNA fragments with homology to the chromosome of the target organism. In principle any heterologous plasmid which is unable to replicate in the bacterium of interest can be used for this purpose. This approach has also been successfully taken for L. lactis to obtain single and double cross-over integrations [17] . However, the nature of several (potential) applications of chromosomally modified lactococcal strains demanded the development of more sophisticated integration vectors, allowing to do the necessary steps of vector construction in a homologous strain. The broad host-range lactococcal plasmid pWV01 proved to be an excellent substrate for the construction of such versatile integration vectors. Two conditionally replicating vector systems have been developed: (i) the above mentioned temperature sensitive (Ts) pWV01 derivative pG + host, which was developed in the laboratory of D. Ehrlich, Figure 1 . Schematic representation of the Ori + -system. Ori + (black box): fragment containing the plus origin of replication of pWV01; RepA (white box): fragment encoding the replication initiation protein of pWV01; rep + : RepAproducing strain; p23: constitutive lactococcal promoter, also active in E. coli and B. subtilis; pORI: Ori + -vector that does not contain lactococcal chromosomal DNA; pINT: Ori + -vector containing lactococcal chromosomal DNA; rep -: strain that does not produce RepA; chr. DNA (wavy lines): chromosomal DNA; M: selectable marker.
